Extra dimensions offer new ways to address long-standing problems in beyond-the-standard-model particle physics. In some classes of extra-dimensional models, the lightest Kaluza-Klein particle is a viable dark matter candidate. In this work, we study indirect detection of Kaluza-Klein dark matter via its annihilation into antiprotons. We use a sophisticated galactic cosmic ray diffusion model whose parameters are fully constrained by an extensive set of experimental data. We find that models with universal extra dimensions remain unconstrained by cosmic ray antiprotons while low-mass weakly interacting massive particle candidates of a few tens of GeV that arise in Randall-Sundrum geometries can be probed.
I. INTRODUCTION
Nonbaryonic dark matter (DM) has been shown to be the dominant matter component of our Universe by several independent measurements -see [1] for a review. The recently published WMAP results [2] , combined with ACBAR, CBI, and 2dFGRS, lead to precise estimates of the baryonic, matter, and total densities: b h 2 0:0224 0:0009, m h 2 0:135 0:009, and tot 1:02 0:02. Weakly interacting massive particles (WIMPs) are the favorite candidates to account for the cold (nonbaryonic) dark matter (CDM) as the required relic density can be naturally generated. Theoretically well-founded, neutralinos are certainly the most extensively studied example. On the other hand, in spite of the very important efforts devoted to direct and indirect searches in this direction, supersymmetric particles have not yet been discovered and alternative candidates should be considered. Among them, Kaluza-Klein (KK) particles are promising. So far, they arise as stable viable WIMPs in two frameworks: in universal extra dimensions (UED) [3] and in some warped geometries à la Randall-Sundrum [4] .
In the case of UED, all standard model fields propagate in one or more flat compact extra dimensions-unlike models with large extra dimensions à la ADD [5] . As a result, the combination of a translation by R with a flip of sign of all odd states in the KK Fourier decomposition of the bulk fields-named KK parity -is conserved. This implies that the lightest first level KK particle (LKP) cannot decay into standard model modes and is stable. Such a Kaluza-Klein particle is likely to be associated with the first KK excitation of the photon, more precisely the first excitation of the hypercharge gauge boson [6] , and is referred to as B 1 . Depending on the number of dimensions and on the mass difference between the LKP and the NLKP-next to LKP-the B 1 mass is expected to lie in the range 300-1000 GeV if it is to account for dark matter [7] -for a recent analysis see [8] . Although not very narrow, this range is much smaller than in the neutralino case and this approach has much less free parameters. Furthermore, this range is fully compatible with experimental constraints which lead -in the D 5 case-from precision electroweak measurements to compactification radii satisfying R ÿ1 * 300 GeV. Direct detection of the B 1 LKP has been studied in germanium, sodium iodine, and xenon detectors [9, 10] . Indirect detection through gamma rays [10 -14] , neutrinos, and synchrotron flux [11] , or through positrons [10, 15] , has also been considered. The neutrino spectrum from LKP annihilation in the Sun was investigated in [16] . Constraints on UED models from radion cosmology have also been studied [17] .
The second class of Kaluza-Klein WIMPs arises in higher dimensional warped grand unified theories (GUT) [18, 19] . In these models, a stable KK fermion can arise as a consequence of imposing proton stability in a way very reminiscent of R parity stabilizing the lightest supersymmetric particle in supersymmetric models. The symmetry is called Z 3 and the lightest Z 3 particle (LZP) is stable since it cannot decay into standard model particles. It is actually associated with a KK Dirac right-handed (RH) neutrino with a mass in the 1 GeV to 1 TeV range. This RH neutrino has gauge interactions, in particular, with additional KK Z 0 gauge bosons. Nevertheless, its interactions with ordinary matter are feeble because they involve heavy gauge bosons with a mass * 3 TeV. This opens the possibility of weakly heavy gauge bosons with a mass M KK * 3 TeV. This opens the possibility of a weakly interacting Dirac RH neutrino. Indirect detection of ''warped dark matter'' in neutrino telescopes, gamma ray telescopes, and cosmic positron experiments was investigated in [20] . In principle, the LZP is not necessarily the lightest KK particle. There might be lighter KK modes but which are unstable because they are not charged under Z 3 . In practice though, and in the models of [18, 19] , the RH neutrino LZP turns out to be the lightest KK particle due to various phenomenological constraints. Thus, in the following, we will use the generic appellation ''LKP'' for both UED and warped types of KK dark matter.
In the present paper, we study the cosmic antiprotons that should be emitted as a result of LKP annihilations in the halo of the Milky Way. Those so-called primary cosmic rays are of particular interest as the p=p ratio is both small -smaller than 10 ÿ4 whatever the energy-and well known [21] . The antiproton flux has been mostly measured by stratospheric balloon borne detectors -IMAX [22] , MASS [23] , CAPRICE [24, 25] , and BESS [26 -29] -flying at the top of the atmosphere. The interactions of high-energy particles impinging on the latter generate a background to be removed in order to measure a signal that is compatible -given the uncertainties -with the conventional production of so-called secondary antiprotons through the spallations of cosmic ray nuclei on the interstellar gas of the Milky Way disk. The antiproton flux will be measured with unprecedented accuracy by the forthcoming space experiment AMS [30] that has already flown on the space shuttle [31] . The PAMELA satellite mission [32] -to be launched on board the Resurs-DK1 Russian satellite in late 2005-is also expected to make a breakthrough in antimatter searches by measuring antiproton and positron spectra from, respectively, 80 and 50 MeV up to 190 GeV. It will also collect data during three years, with a geometric acceptance 20 times smaller than for AMS. Minute deviations from a pure secondary energy spectrum -expected in our case if LKP particles annihilate in the galactic halo-are potentially detectable by AMS and PAMELA. In Sec. II, the source term is computed by convolving the LKP number density and cross sections with the relevant fragmentation functions. Section III is devoted to the propagation scheme and the astrophysical parameters. Finally, the primary antiproton flux resulting from LKP annihilations is compared in Sec. IV with the background of secondary antiprotons and some perspectives are drawn. In particular, we show that the antiproton yield is quite small in the context of universal extra dimensions. Antiproton measurements are not particularly useful in that case. On the contrary, they constrain low-mass LZP WIMP candidates that arise in Randall-Sundrum geometries in the mass range extending from 30 to 80 GeV.
II. SOURCE TERM
The production rate q LKP p of antiprotons is obtained from the convolution over the various annihilation channels f of the appropriate annihilation cross section hvi f with the fragmentation function dN p =dT p f . It can be written as
The LKP particles in the initial state are identical hence the overall factor of 1/2. The distance between the production point and the galactic center is denoted by r while n LKP r and LKP r respectively stand for the LKP number and mass densities. Antiprotons are produced with a kinetic energy T p that ranges from 0 up to the LKP mass M LKP . The previous relation features the four key ingredients that should be taken into account to compute the Kaluza-Klein antiproton source term q LKP p . To commence, for UED dark matter, the LKP annihilation cross section into fermions is given in the nonrelativistic expansion limit by [7] 
where N c , Y L , and Y R are, respectively, the number of colors and the left and right hypercharges of the resulting fermion f whereas 2ṽ ṽ 1 ÿṽ 2 . Velocities within the Milky Way are typically nonrelativistic so that the factor 1 ÿ v 2 can safely be approximated by 1. Notice that in contrast with neutralino dark matter, the annihilation into fermions is not helicity suppressed. For warped dark matter, there is no simple analytical formula -in particular, couplings depend in a nontrivial way on the LKP massbut we can summarize the situation as follows. [33] , based on the so-called string fragmentation model.
The square of the LKP number density n LKP enters into the annihilation rate (1) and scales as M ÿ2 LKP . In UED models, the LKP requires a mass in the range between 700 and 900 GeV in order to generate the observable thermal relic density [7] , unless other KK modes participate in the freeze-out process or two extra dimensions are considered, allowing for masses as low as 300 GeV. If this is the case, somewhat smaller masses are possible. A recent analysis, taking into account the effects of second level KK modes, indicates that the upper edge of this mass range is favored [8] . In any case, we should keep in mind that the precise prediction of the LKP relic density depends on the particular KK mass spectrum which is used and is somewhat model dependent. We will therefore consider masses in the lower range 300 GeV which is the most favorable case as far as the antiproton signal is concerned. As for the warped LKP, it can thermally generate the observed quantity of dark matter in two mass ranges: near the Z resonance with M LZP 20 to 80 GeV and for considerably heavier masses-M LZP * several hundred GeV [18, 19] . Again, we will restrict ourselves to the more easily accessible lowest masses.
The distribution of dark matter inside galaxies is still an open and very debated issue. From one side, results from cosmological N-body simulations in -CDM models [34 -36] indicate a universal and coreless dark matter density profile. At small radii, the latter diverges with the distance r from the galactic center as r ÿ with 1 to 1.5. This implies a strongly peaked dark matter density at galactic centers. Very recent results obtained from simulations of halo formation [37, 38] strongly disfavor a singularity as steep as 1.5 and seem to point toward slopes logarithmically dependent on the distance from the galactic center and no steeper than 1:2. It should indeed be noticed that these cusps are predicted in regions which are usually smaller than the typical resolution size of the simulations. On the other side, several analyses of rotational curves observed for galaxies of different morphological types [39] [40] [41] [42] [43] [44] put serious doubts on the existence of dark matter cusps in the central regions of the considered objects. Instead of a central singularity, these studies rather suggest a cored dark matter distribution, flattened toward the central regions. In the present analysis, we will consider the generic dark matter distribution
where r 8 kpc is the distance of the Solar System from the galactic center. The local -Solar System-CDM density has been set equal to CDM 0:3 GeV cm ÿ3 . In the case of the pseudoisothermal profile, the typical length scale a is the radius of the central core. The profile indices , , and for the dark matter distributions which we have considered here are indicated in Table I . As already underlined in [46, 47] -and as it will be clear also from the results presented in the following of the present paper-the diffusion of primary CDM generated antiprotons is only very mildly dependent on the chosen dark matter distribution function.
III. GALACTIC PROPAGATION: CONTROL OF UNCERTAINTIES
Propagation in the Galaxy, while studied for a long time, is not a simple matter. A realistic description should take into account the coupling between gas, magnetic field, and cosmic rays (CRs). This is far from being reached -at least at the galactic scale. Our lack of knowledge about the structure of magnetic turbulences and their spatial distribution-probably related to the regions of star forma- tion -hampers any clear and unambiguous description of the transport of CRs. So far, one major approximation assumed in all -but a very few number-of papers is that diffusion in the Galaxy does not depend on the galactic position. Even with this simplification, transport of CRs is not straightforward. It involves the now classical following ingredients: diffusion (random walk on magnetic inhomogeneities) and convection (directed outward the galactic disk) which compete for the spatial transport, especially at low energy. Regarding the energetic balance, energy losses (Coulomb, ionization, and adiabatic) replenish the lowenergy tail whereas momentum diffusion (reacceleration) produces, on average, a gain in energy in the GeV/nucleon region. Finally, spallations may destroy CRs, preferentially at low energies. Inclusion of all these effects in a propagation model leads to interstellar -hereafter IS-fluxes. Those IS fluxes have to be modulated in order to be compared with experiments giving top-of-atmospherehereafter TOA-fluxes. TOA fluxes are evaluated in the force field framework-as used in Refs. [21, 48, 49] . That model cannot handle the charge-sign dependence of solar modulation which seems to be observed in recent datasee e.g. [50] -and which is expected to have a maximum effect on the antiproton/proton ratio. Notice however that the calculation of secondary antiprotons involves only * 10 GeV=nucleon cosmic ray protons or helium [21] so that the drift effect -if important -has only a direct effect on ps as long as one focuses on the antiproton flux and not on the p=p ratio. Besides, the corresponding uncertainties which arise from using the force field approximation are less important than e.g. the nuclear ones as mentioned in Refs. [21, 49] , which are themselves negligible compared to the propagation uncertainties on primaries as discussed below. This plainly justifies the choice of the force field scheme to modulate IS fluxes and its use throughout this paper. We now focus on the propagation uncertainties.
Whatever the model retained for propagating antiprotons, it is very important to understand the origin of uncertainties in the propagated spectra. At a given energy E, spatial transport is sensitive to the following parameterssee Fig. 2 in [51] : the diffusion coefficient normalization and slope in KE K 0 R ÿ where the rigidity R p=Z, the halo height L, the wind velocity V c perpendicular to the disk-chosen to be constant in our model -and the Alfvénic speed V a of the scatterers (the uncertainty due to this latter parameter is less significant compared to the previous processes). Only special combinations of these parameters can account for the measured B/C ratio. The abundance of boron relative to carbon -two typical elements which are, respectively, from secondary and primary origins-is a very good tracer of the history of CRs propagation. In a previous study, a degeneracy between these combinations was found [48] , leading to a wide uncertainty in the underlying parameters of the model, although they gave the same B/C ratio. In a second study, the same combinations were used to compute the secondary antiproton signal in the same model [21] . The induced uncertainty for this secondary flux in the region of interest (a few hundreds of MeV) was found to be small-about 10%. This was expected, as all these species follow the same propagation paths, being emitted and detected in the disk.
The situation is quite different for primary exotic species, as most diffusion paths start in the diffusive halo [47, 52] . The previous degeneracy is broken. The induced uncertainties on primary antiprotons are studied in detail in [46] and are found to be as large as a factor 100 for supersymmetric particles. We briefly recall here, on a physical basis, the dependence of the uncertainty on each parameter, as it also applies to the present study. First, the halo height L determines (i) the total number of sources inside the diffusive region and (ii) the effective radial range of diffusion, i.e. the distance that a CR can travel from a source before escaping from the Galaxy. Cosmic rays coming from farther than L have an exponentially low probability to be detected on Earth. Notice that this second point explains why the evaluated fluxes are not very sensitive to the shape of the dark matter halo in the galactic center region-see below in Sec. IV and in [46] . Second, the galactic wind wipes the particles away from the disk. It is well known that the effect of V c is similar to that of L when sources are located in the disk-see [53] and L ? KE=L-but this is not true for sources in the halo. The two effects (i) and (ii) actually turn out to be of greater magnitude for L ? than for L. It should be kept in mind that the parameters L, V c , and K 0 are correlated. In the subset of parameters giving the observed B/C ratio, low values of K 0 generally correspond to low L and large V c and thus low L ? , so that the signal is expected to decrease with decreasing K 0 . Notice that the effect of K 0 is not only through the correlation to L and V c : the reader is referred to [46] -see, in particular, its Sec. III-for an explicit analysis of all the effects.
A conservative estimate -based on the full range of B/C allowed propagation parameters -leads to variations of about 2 orders of magnitude of the primary antiproton flux. Notice that this does not include the nuclear and particle physics uncertainties. This range could be narrowed by using constraints coming from other species of cosmic rays. Actually, using radioactive [54] or heavy [55] species only yield a minor improvement. They enable shrinking of the parameter space but leave unchanged the values leading to the extremal fluxes. The final extreme and median parameters which we have considered in this analysis are borrowed from [46] . They are displayed in Table II .
IV. FLUX AND CONCLUSIONS

A. Universal extra dimension models
The case of UED models is featured in Figs. 1-3 where the LKP mass has been set equal to 300 GeV and to 1 TeV. The interstellar antiproton yields are plotted as a function of interstellar kinetic energy T IS p for three different halo profiles. The canonical isothermal, NFW, and Moore models, respectively, correspond to the solid (blue), dashed (red), and dot-dashed (magenta) lines. The solid black line is the conventional secondary component. We have somewhat improved the previous estimate [21] by taking adiabatic losses into account. The maximum, median, and minimum diffusion configurations, respectively, correspond to Figs. 1-3. A few remarks are in order.
To commence, because the square of the LKP mass enters into the denominator of the B 1 annihilation cross section -see relation (2)-the antiproton source term q Table II . The three different halo profiles that have been selected in this calculation are described in Table I . The IS secondary component is the solid black line that overcomes the primary fluxes.
FIG. 3 (color online)
. The same as before but with minimum diffusion parameters. Fluxes have decreased by 2 orders of magnitude with respect to the maximal case. Cosmic rays no longer come from the galactic center. As a consequence, the primary component is insensitive to the sharpness of the central cusp and the three different halo profiles that have been chosen in this calculation -isothermal, NFW, and Moore-lead to the same spectra. downward shift of the curves by 2 orders of magnitude is clearly present in the figures.
Then, as already discussed in Sec. III, the particular choice for the galactic cosmic ray diffusion parameters strongly affects the primary yields whereas the secondary component varies very little. From the maximal to the minimal configurations-see Table II -primary antiproton fluxes decrease by 2 orders of magnitude. That sensitivity combined with fairly similar shapes for the primary and secondary energy spectra do not strengthen the case of the antiproton signal as a clear signature for UED dark matter. Even in the most favorable case of a 300 GeV B 1 boson and for maximal galactic diffusion-see Fig. 1 the secondary background overcomes the primary LKP signal up to an antiproton kinetic energy of 100 GeV. Notice however that above that energy and in the case of a Moore halo profile, the signal may eventually become comparable to the background, leading to an excess of antiprotons at high energy. Unfortunately, that distinctive spectral feature vanishes as soon as other configurations for the galactic cosmic ray propagation are selected. In Fig. 3 , the antiproton yield is 30 times smaller than the secondary flux for an antiproton kinetic energy of 100 GeV.
Finally, the cusp at the Milky Way center does not affect much the primary antiproton signal. Varying the DM halo profile from a mild canonical isothermal distribution to the extreme case of a Moore divergence results in an increase of the primary yields by at most a factor 2 to 3 in the case of maximal galactic diffusion. That increase is much less significant for the median diffusion case and has disappeared in Fig. 3 . As is clear in Table II , the minimal diffusion configuration corresponds to a thickness of the confinement layers of only 1 kpc associated with a strong galactic convection wind that wipes away any particle originating from the galactic central cusp.
Notice that our galactic diffusion code relies on the expansion of the radial dependence of the cosmic ray abundances as a series of the Bessel functions J 0 i r=R gal where i is the ith zero of the function J 0 and where R gal is the radius of the propagation region. Because taking properly into account a central divergence like r ÿ2 with 1 (NFW) or 1.3 (Moore) would necessitate an infinite number of such functions in the above expansion and would lead to numerical instability, we have renormalized the DM distribution in the vicinity of the Milky Way center without modifying the absolute number of its annihilations. More precisely, the actual DM density within a sphere of radius r c is given by r c r c r ;
where c r c . The central cusp boosts the LKP annihilations by a factor of 3 3 ÿ 2
with respect to the case of a uniform distribution with constant density c . We have replaced the divergent distribution (4) by the milder profile r r c c
where sin c x sinx=x. That renormalized density leads to the same number of LKP annihilations as the actual cusp. We have set r c 500 pc and our primary flux calculations converge with only N Bes 300 terms in the Bessel expansion. A smaller value of r c would require a larger N Bes and is not actually necessary insofar as the antiproton Green function that connects the solar system to the galactic central region varies smoothly over the latter [47, 52] . In the minimal case for cosmic ray propagationpresented in Fig. 3 -it even vanishes. Because of the uncertainties in the cosmic ray galactic propagation, we conclude that the antiproton signal is not the best tool to observe UED Kaluza-Klein species in the halo of the Milky Way. This is at variance with supersymmetric models-especially in the anomaly mediated supersymmetry breaking scenario where the neutralino is a wino [56] . Direct detection is not very promising either since observable rates at current instruments are typically less than one event per year [9] . On the contrary, since a pair of B 1 bosons may annihilate directly into light fermions, the positron signal should exhibit a characteristic spectral spike spreading toward low energies as a result of positron energy losses during propagation [10] . In the case of a 300 GeV LKP particle and assuming an annihilation cross section of 10 ÿ26 cm 3 s ÿ1 , a minimal boost factor of 5 was derived in Ref. [57] in order for the positron kink to be detectable at the one sigma level by AMS-02. Once renormalized to our value of 0:3 GeV cm ÿ3 of the solar dark matter density CDM , that boost factor is twice as large. The same calculation has been recently redone by the AMS Collaboration [30] for the same LKP mass. The UED formula (2) yields a value of 1:9 10 ÿ25 cm 3 s ÿ1 for the annihilation cross section. The actual positron acceptance of AMS-02 turns out to be 10 times smaller than the pure geometric value assumed in Ref. [57] . The positron annihilation signal arising in the case of an isothermal halo has to be amplified by a factor of 60 before being detectable at the three sigma level by AMS-02 [58] . Notice finally that an enhancement by a factor of 200 with respect to a pure NFW cusp is also necessary to reproduce-albeit below 0.8 TeV [12] -the flat gamma ray spectrum which the HESS Collaboration has detected at the center of the Milky Way [59] . The gamma ray spectrum is indeed harder for Kaluza-Klein species than for neutralinos. A word of caution is in order at that stage. The positron signature is required to be significantly en-hanced in order to be detectable. If we now assume a boost factor of a hundred as suggested by recent numerical simulations [60] which point toward the presence of numerous mini-clumps in the DM galactic halo, primary antiprotons should be copiously produced since even in the most pessimistic diffusion scheme of Fig. 3 , the signal exceeds the background above T IS p 40 GeV in the case of a 300 GeV B 1 boson.
The possibility of clumps has actually been suggested in the concomitant analysis of the antiproton yield of UED dark matter particles by [61] . In the case of an 800 GeV B 1 boson, a clear distortion appears in the antiproton spectrum above 10 GeV and peaks at 100 GeV should the boost factor reach a value of 200. However, for a smooth distribution of dark matter, the antiproton signal is well below the secondary background and the results of Ref. [61] -especially figures 2 and 3-are in support of the conclusions which we have reached. The propagation of antiprotons throughout the Milky Way is treated in a very similar way as in our study-albeit galactic convection and reacceleration were not implemented in the calculations of Ref. [61] . Moreover, the full investigation of the astrophysical uncertainties related to the propagation of cosmic rays-which is the cornerstone of our paper-was beyond the scope of Ref. [61] in which the single propagation model that has been considered corresponds approximately to the median case of Table II .
B. Warped geometries à la Randall-Sundrum
For the warped models of [18, 19] , the LZP may be much lighter than the UED dark matter candidate. The primary antiproton flux-at the top of the atmosphere -is plotted in Fig. 4 as a function of antiproton kinetic energy T TOA p for five different values of the LZP mass. The most optimistic galactic diffusion scheme as well as a canonical isothermal DM halo have been assumed for the primary signal. Observations from various experiments performed during solar minimum [24, 26, 27, 31] are well explained by the narrow band within which the background of secondary antiprotons lies irrespective of the galactic propagation conditions. The lines corresponding to M LZP 40 [shortdashed (magenta)] and 50 GeV [long-dashed (red)] exceed the background and should have already led to a detection would our assumptions on galactic diffusion and halo profile be correct. For M LZP M Z 0 =2, the LZP annihilation is actually driven by the Z resonance and is significantly enhanced.
As in the previous discussion of the UED models, the LZP antiproton signal sensitively depends on galactic cosmic ray propagation. In Fig. 5 , the primary yields of a 40 and 50 GeV LZP decrease by 2 orders of magnitude between the most optimistic and the most pessimistic diffusion cases of Table II. In the latter configuration, the antiproton signal is now well below the background. The halo profile is also a source of uncertainty as is clear in Fig. 6 where a 60 GeV LZP is exhibited. The maximal galactic diffusion that has been assumed in that case makes it possible for antiprotons from the central cusp to reach the solar circle and to lift the degeneracy among the various DM distributions. Should the minimal diffusion scheme be preferred, the three lines would be one and the same.
As featured in Fig. 4 -6 , the LZP antiproton signal is in the vicinity of the secondary background and therefore in the ballpark for detection. That is why we have explored the effect of a clumpy DM distribution by taking into account an overall boost factor in our estimates of the primary yields which we have compared to observations. We have actually performed a 2 test to assess the compatibility between our theoretical predictions for both secondary and primary components and the experimental data. All the available measurements have been used [22 -28,31] except the Buffington point which is known for being 1 order of magnitude above all the others. Those experiments are either balloon borne-IMAX, MASS, CAPRICE, and BESS-or space borne as AMS. In addition to statistical effects, they suffer from uncertainties associated with instrumental misreconstructions -e.g. from electrons -and from the atmosphere component contamination which has to be removed, unless only antiprotons above the geomagnetic cutoff are taken into account.
FIG. 4 (color online)
. The primary antiproton fluxes correspond to the warped geometry of [18, 19] . The LZP mass has been varied from 30 to 70 GeV with a Kaluza-Klein scale M KK of 3 TeV. When the LZP mass is close to M Z 0 =2, the annihilation becomes resonant and the primary signal exceeds the conventional background of secondary antiprotons that lies in the narrow band within the two solid black lines. Maximal diffusion parameters have been assumed for the LZP antiproton spectra with a canonical isothermal DM distribution.
Within the error bars, the IS fluxes inferred from those experiments are now in reasonable agreement. A dramatic improvement is expected in the forthcoming years with AMS-02 which will be implemented on the International Space Station for 3 years starting in 2008: both statistic and systematic errors are expected to be reduced by several orders of magnitude for antiprotons above 0.5 GeV. To take into account the differences in solar activity between those observations, the modulation has been applied in the force field scheme with three different field values : 500 MV, 700 MV, and 1000 MV, depending on the periods. The errors used are the experimental statistical uncertainties. Figure 7 features the 2 per degree of freedom as a function of the boost factor for M LZP 30 GeV and a KaluzaKlein scale M KK of 3 TeV. The upper, median, and lower lines (at a boost factor of 100), respectively, correspond to the maximum, median, and minimum cosmic ray diffusion configurations. It should be emphasized that the value of that 2 must be taken with care as it indicates that the uncertainties have been underestimated, making any quantitative statistical conclusion impossible to reach. To give a crude estimate of the rejection power of this study, we have decided that models leading to a 2 =d:o:f: larger than twice its minimum value -for the considered parameters -are excluded. In the case of a real 2 distribution, it would correspond roughly to the 99.9% confidence level-we use 50 degrees of freedom. In Table III , the LZP mass has been varied from 30 to 80 GeV whereas the Kaluza-Klein scale M KK has been set equal to 3 and 6 TeV. The DM annihilation boost factor above which the primary antiproton signal is too strong to be compatible with the observations is displayed for each configuration. If a boost factor of one hundred is assumed, all the configurations with M KK 3 TeV are excluded whereas the LZP antiproton signal is potentially detectable for larger Kaluza-Klein scales.
Notice finally that direct detection experiments already exclude almost entirely a Kaluza-Klein scale M KK of 3 TeV whereas larger values are allowed [18] . The LZP may also directly annihilate into light fermions and can produce the same kind of distortion in the positron spectrum as UED dark matter species. The HEAT excess [62, 63] is actually well reproduced by a 40 or 50 GeV LZP if the boost factor is, respectively, set equal to 30 and 40 [20] once the local dark matter density CDM has been rescaled to our value of 0:3 GeV cm ÿ3 . Antiproton calculations suffer from large uncertainties as regards the galactic cosmic ray propagation. The difficulty to reach a conclusion as regards the detectability of a primary antiproton signal has been illustrated in this article. We would like to stress that the same kind of ambiguities should also affect secondary and primary positrons with a magnitude that is yet to be determined.
